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SYSTEM AND METHOD FOR SPECTRAL tem . The system comprises : a sequential optical system 
IMAGING providing a temporal sequence of output light beams 

describing the scene ; a color imager receiving the output 
RELATED APPLICATION light beams and being configured to responsively generate , 

5 for each output light beam , an image signal that is spatially 
This application claims benefit of priority under 35 USC resolved into a plurality of color channels ; and an image 119 ( e ) of U.S. Provisional Patent Application No. 62/267 , processor configured for collectively processing the image 

360 filed on Dec. 15 , 2015 , the contents of which are signals to construct a static spectral image of the scene . incorporated herein by reference in their entirety . According to some embodiments of the invention , the 
FIELD AND BACKGROUND OF THE 10 sequential optical system comprises an interferometer sys 

INVENTION tem , wherein each output light beam constitutes two inter 
fering light beams characterized by a different optical path 

The present invention , in some embodiments thereof , difference ( OPD ) therebetween . 
relates to imaging and , more particularly , but not exclu According to some embodiments of the invention the 
sively , to spectral imaging . 15 sequential optical system comprises a tunable optical filter , 

Spectral imaging is a technique in which a spectrum is wherein each output light beam is characterized by a dif 
measured for each pixel of an imager . The resulting dataset ferent central wavelength of the tunable optical filter . 
is three - dimensional ( 3D ) in which two dimensions are According to some embodiments of the invention the 
parallel to the imager plane and the third dimension is the image processor is configured to apply for each picture 
wavelength . Such dataset is known as a “ spectral image ” 20 element that correspond to a color channel , an intensity 
which can be written as I ( x , y , à ) , where x and y are the correction factor selected to ensure that a ratio between an 
position in the imager plane , 2. the wavelength , and I is the intensity corresponding to the color channel and an inte 
intensity at each point and wavelength . grated intensity corresponding to a plurality of color chan 

Several spectral imaging techniques are known [ Y. Garini , nels in a region of the image containing the picture - element 
N. Katzir , D. Cabib , R. A. Buckwald , D. G. Soenksen , and 25 is preserved . 
Z. Malik , Spectral Bio - Imaging , in Fluorescence Imaging According to some embodiments of the invention the Spectroscopy and Microscopy , X. F. Wang and B. Herman , 
Editors . 1996 , John Wiley and Sons : New York . p . 87-124 ; image processor is configured to convert image data con 
Y. Garini , I. T. Young , and G. McNamara , Spectral imaging : stituted by the image signals to greyscale levels . 
principles and applications . Cytometry , 69A , 735-747 According to some embodiments of the invention the 
( 2006 ) ] . In some systems , a set of filters is mounted on a 30 color imager comprises a single two - dimensional array of 
filter wheel with a mechanism that allows capturing a set of elementary light detectors covered by a color filter array . 
images , each time thorough a different color filter . A tunable According to some embodiments of the invention the 
filter can alternatively be used to capture a set of images , color filter is a Bayer filter . 
each corresponding to a different color / wavelength range , According to some embodiments of the invention the 
modifying voltage or frequency and eliminating mechanical 35 conversion of the image data to greyscale levels comprises 
movements . In other systems , a spectral image is formed by binning neighboring picture - elements corresponding to dif 
means of a Fourier transform , as disclosed , for example , in ferent color channels in a non - overlapping manner . 
U.S. Pat . No. 5,539,517 , the contents of which are hereby According to some embodiments of the invention the 
incorporated by reference . conversion of the image data to greyscale levels comprises , 

Color imaging is a technique in which each pixel of the 40 for each picture - element of at least a few picture - elements in 
imager is represented by 3 color channels . Known color the image data , integrating intensities of picture - elements in 
cameras employ a charged coupled device ( CCD ) or a region containing the picture - element and assigning to the 
complementary metal - oxide semiconductor ( CMOS ) sensor picture - element a greyscale level based on the integration . 
as the imager . These types of imagers employ a Bayer filter According to some embodiments of the invention the 
[ U.S. Pat . No. 3,971,065 , the contents of which are hereby 45 color imager comprises a plurality of two - dimensional 
incorporated by reference ] . A Bayer filter is designed to be arrays of elementary light detectors , wherein the system 
analogous to the cones of the human visual system , and has comprises an optical element constructed for splitting the 
red , green , and blue color filter elements superimposed on output light beam to the plurality of color channels and to 
the pixels of the imager . The Bayer filter array samples the direct different color channels to different arrays . 
green information on a quincunx grid and the red and the 50 According to some embodiments of the invention the 
blue information on a rectangular grid , such that the green color imager comprises a single two - dimensional array of 
information is therefore sampled at a higher frequency . This elementary light detectors covered by a color filter array . 
is because the peak sensitivity of the human visual system According to some embodiments of the invention the 
lies in the medium wavelengths . color imager comprises a plurality of two - dimensional 

Also known are 3 - sensor cameras employing three imag- 55 arrays of elementary light detectors , wherein the system 
ers . These include 3CCD cameras employing three CCD comprises an optical element constructed for splitting the 
imagers and 3CMOS cameras employing three CMOS output light beam to the plurality of color channels and to 
imagers . In a 3 - sensor camera , each imager takes a separate direct different color channels to different arrays . 
measurement of red , green , and blue light . Light coming into According to some embodiments of the invention the 
the camera is split by a trichroic prism assembly , which 60 temporal sequence of output light beams comprises a 
directs the appropriate wavelength ranges of light to their sequence of at least five different output light beams . 
respective imagers . According to some embodiments of the invention the 

plurality of color channels is three color channels . Accord 
SUMMARY OF THE INVENTION ing to some embodiments of the invention each of the three 

65 color channels is in the visible range . 
According to an aspect of some embodiments of the According to some embodiments of the invention the 

present invention there is provided a spectral imaging sys- plurality of color channels is four color channels . According 
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to some embodiments of the invention one of the four color the image data , integrating intensities of picture - elements in 
channels is in the infrared range and each of the remaining a region containing the picture - element and assigning to the 
three color channels is in the visible range . picture - element a greyscale level based on the integration . 

According to some embodiments of the invention the According to some embodiments of the invention the image processor is configured to apply image uniformity 5 image data is generated by a color imager having a plurality 
correction to spatial information in the spectral image . of two - dimensional arrays of elementary light detectors , According to some embodiments of the invention image wherein the system comprises an optical element con processor is configured to correct an intensity level of each structed for splitting the output light beam to the plurality of of at least some picture - elements of the spectral image using color channels and to direct different color channels to local intensity associated with a respective color channel in 10 different arrays . the image data . 

According to some embodiments of the invention the According to some embodiments of the invention the 
conversion of the image data to greyscale levels comprises , system comprises optics configured for focusing the input 

light beam directly onto the imager , wherein the image for each picture - element of at least a few picture - elements in 
processor is configured to provide a color image of the scene 15 the image data , integrating over color channels , obtained 
based on image data generated by the imager responsively to from respective elementary light detectors of the plurality of 
the direct focus . two - dimensional arrays and being associated with the pic 

According to some embodiments of the invention the ture - element , and assigning to the picture - element a grey 
image processor is configured to reduce fringe pattern scale level based on the integration . 
amplitudes from image data constituted by an image signal 20 According to some embodiments of the invention the 
of a single output light beam of the temporal sequence , to method comprises applying image uniformity correction to 
provide a color image from the single output light beam . spatial information in the spectral image . 

According to some embodiments of the invention the According to some embodiments of the invention the 
system comprises locomotion mechanism , for shifting a method comprises correcting an intensity level of each of at 
relative position between the scene and the system , wherein 25 least some picture - elements of the spectral image using local 
the image processor is configured to extract , for each relative intensity associated with a respective color channel in the 
position , a portion of the image data in which fringe pattern image data . 
amplitudes are reduced relative to other portions of the According to an aspect of some embodiments of the 
image data , and to tile the extracted portions . present invention there is provided a method of constructing 

According to an aspect of some embodiments of the 30 a color image of a scene . The method comprises : receiving 
present invention there is provided a method of constructing by an interferometer system an input light beam from the 
a spectral image of a scene . The method comprises : receiv- scene and converting the input light beam into an output 
ing an input light beam from the scene ; converting the input light beam constituting two interfering light beams charac 
light beam into a temporal sequence of output light beams ; terized by a fixed optical path difference ( OPD ) therebe 
for each output light beam of the sequence , generating an 35 tween ; generating from the output beam an image signal that 
image signal that is spatially resolved into a plurality of is spatially resolved into a plurality of color channels ; and 
color channels , and collectively processing the image sig- reducing fringe pattern amplitudes from the image signal to 
nals to construct a spectral image of the scene . provide a pixelated color image corresponding to the image 

According to some embodiments of the invention the signal with reduced fringe pattern amplitudes . 
conversion of the input light beam into a temporal sequence 40 According to some embodiments of the invention the 
of output light beams sequential optical is by a controllable method comprises shifting a relative position between the 
interferometer system . scene and the interferometer system , extracting , for each 

According to some embodiments of the invention the relative position , a portion of the image signal in which 
conversion of the input light beam into a temporal sequence fringe pattern amplitudes are reduced relative to other por 
of output light beams sequential optical is by a tunable 45 tions of the image signal , and tiling the extracted portions . 
optical filter . According to some embodiments of the invention the 

According to some embodiments of the invention the tiling comprises removing periodic parts of in the extracted 
method comprises , for each picture - element that correspond portions . 
to a color channel , applying an intensity correction factor Unless otherwise defined , all technical and / or scientific 
selected to ensure that a ratio between an intensity corre- 50 terms used herein have the same meaning as commonly 
sponding to the color channel and an integrated intensity understood by one of ordinary skill in the art to which the 
corresponding to a plurality of color channels in a region invention pertains . Although methods and materials similar 
containing the picture - element is preserved . or equivalent to those described herein can be used in the 

According to some embodiments of the invention the practice or testing of embodiments of the invention , exem 
method comprises converting the image data to greyscale 55 plary methods and / or materials are described below . In case 
levels . of conflict , the patent specification , including definitions , 

According to some embodiments of the invention the will control . In addition , the materials , methods , and 
image data is generated by a color imager having a single examples are illustrative only and are not intended to be 
two - dimensional array of elementary light detectors covered necessarily limiting . 
by a color filter array . Implementation of the method and / or system of embodi 

According to some embodiments of the invention the ments of the invention can involve performing or complet 
conversion of the image data to greyscale levels comprises ing selected tasks manually , automatically , or a combination 
binning neighboring picture - elements corresponding to dif- thereof . Moreover , according to actual instrumentation and 
ferent color channels in a non - overlapping manner . equipment of embodiments of the method and / or system of 

According to some embodiments of the invention the 65 the invention , several selected tasks could be implemented 
conversion of the image data to greyscale levels comprises , by hardware , by software or by firmware or by a combina 
for each picture - element of at least a few picture - elements in tion thereof using an operating system . 

60 
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For example , hardware for performing selected tasks FIGS . 10A - F show images captured by a color imager 
according to embodiments of the invention could be imple- having a Bayer filter array within a sequence of a sample 
mented as a chip or a circuit . As software , selected tasks scan ; 
according to embodiments of the invention could be imple- FIG . 11A is color image of a sample , obtained according 
mented as a plurality of software instructions being executed 5 to some embodiments of the present invention by direct 
by a computer using any suitable operating system . In an imaging ; 
exemplary embodiment of the invention , one or more tasks FIG . 11B is a magnified region - of - interest over the color 
according to exemplary embodiments of method and / or image of FIG . 9A ; 
system as described herein are performed by a data proces FIG . 11C is a greyscale image obtained by converting the 
sor , such as a computing platform for executing a plurality 10 three color channels of FIG . 11B into greyscale levels , 
of instructions . Optionally , the data processor includes a according to some embodiments of the present invention ; 
volatile memory for storing instructions and / or data and / or FIG . 12A shows a greyscale image obtained according to 

some embodiments of the present invention by indirect a non - volatile storage , for example , a magnetic hard - disk imaging ; and and / or removable media , for storing instructions and / or data . FIG . 12B shows the image of FIG . 12A after removal of Optionally , a network connection is provided as well . A fringe pattern amplitude , according to some embodiments of display and / or a user input device such as a keyboard or the present invention . mouse are optionally provided as well . 
DESCRIPTION OF SPECIFIC EMBODIMENTS 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF OF THE INVENTION 
THE DRAWINGS 

The present invention , in some embodiments thereof , 
The patent or application file contains at least one drawing relates to imaging and , more particularly , but not exclu 

executed in color . Copies of this patent or patent application sively , to spectral imaging . 
publication with color drawing ( s ) will be provided by the 25 Before explaining at least one embodiment of the inven 
Office upon request and payment of the necessary fee . tion in detail , it is to be understood that the invention is not 
Some embodiments of the invention are herein described , necessarily limited in its application to the details of con 

by way of example only , with reference to the accompanying struction and the arrangement of the components and / or 
drawings and images . With specific reference now to the methods set forth in the following description and / or illus 
drawings in detail , it is stressed that the particulars shown 30 trated in the drawings and / or the Examples . The invention is 
are by way of example and for purposes of illustrative capable of other embodiments or of being practiced or 
discussion of embodiments of the invention . In this regard , carried out in various ways . 
the description taken with the drawings makes apparent to Referring now to the drawings , FIGS . 1A and 1B are 
those skilled in the art how embodiments of the invention schematic illustrations of a spectral imaging system 10 , 
may be practiced . 35 according to some embodiments of the present invention . 

In the drawings : System 10 comprises sequential optical system 12 that 
FIGS . 1A and 1B are schematic illustrations of a spectral provides a temporal sequence of output light beams 18 

imaging system according to some embodiments of the describing a scene 16. Each output light beam 18 is char 
present invention ; acterized by a different value of an optical parameter , as 

FIG . 2A is a schematic illustration showing a represen- 40 further detailed hereinbelow . In the schematic illustration 
tative example of a Bayer filter suitable for some embodi- shown in FIG . 1A , system 12 receives an input light beam 
ments of the present invention ; 14 from scene 16 , and converts it into the sequence of output 

FIG . 2B is a schematic illustration exemplifying an beams 18. In the schematic illustration shown in FIG . 1B , 
imager in embodiments of the invention in which the imager system 12 receives input light beam 14 from a light source 
comprises a plurality of pixilated 2D arrays of elementary 45 28 , convert it into the sequence of output beams 18 , and 
light detectors ; direct the sequence to scene 16 from which the output beams 

FIGS . 3A - C are schematic illustrations exemplifying sev- can be reflected or transmitted . In both alternatives , a 
eral types of optical systems suitable to serve as a sequential sequence of output beams 18 describing the scene is pro 
optical system , according to some embodiments of the vided . 
present invention ; The sequence is “ temporal ” in the sense that beams 18 are 

FIGS . 4A - B are graphs showing an interferogram ( FIG . generated by system 12 non - simultaneously . Thus , system 
4A ) and its derived spectrum ( FIG . 4B ) , as extracted by 12 converts the input beam to a first output beam charac 
Fourier transformation according to some embodiments of terized by a first value of the optical parameter , then converts 
the present invention ; the input beam to a second output beam characterized by a 
FIG . 5 shows images within a sequence of an OPD - scan , 55 second value of the optical parameter , and so on . 

according to some embodiments of the present invention ; The optical parameter can be of any type which allows 
FIG . 6 shows images within a sample - scan , according to generating from a multiplicity of values attainable by that 

some embodiments of the present invention ; type a spectrum characterized by a set of coefficients respec 
FIG . 7 is a set of images exemplifying a process for tively corresponding to at least 5 or at least 6 or at least 7 or 

reducing fringe pattern amplitudes , according to some 60 at least 8 or at least 9 or at least 10 or at least 11 or at least 
embodiments of the present invention ; 12 or at least 13 or at least 14 or at least 15 different values 
FIG . 8 is schematic illustration exemplifying a configu- of wavelength or frequency . 

ration that allows capturing a direct image according to In some embodiments of the present invention optical 
some embodiments of the present invention ; parameter is an optical path difference ( OPD ) between two 
FIGS . 9A - F show images captured by a color imager 65 interfering light beams constituted within the output light 

having a Bayer filter array within a sequence of an OPD- beam 18. In these embodiments , system 12 can convert the 
scan ; input beam to a first output beam characterized by a first 

50 
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value of the OPD , then converts the input beam to a second about 500 nm ) . Such a set of channels is referred to herein 
output beam characterized by a second value of the OPD , collectively as RGB channels . 
and so on . Another representative example of a set of color channels 

In some embodiments of the present invention optical suitable for the present embodiments is a red channel , a 
parameter is a central wavelength or a range of wavelengths 5 green channel and a blue channel as detailed above , and also 
contained by output light beam 18. In these embodiments , an infrared channel corresponding to near infrared light 
system 12 can convert the input beam to a first output beam ( spectrum having an apex at a wavelength of from about 800 
characterized by a first central wavelength or a first range of to about 900 nm ) . 
wavelengths , then converts the input beam to a second Imager 20 can be of any types known in the art . Typically , 
output beam characterized by a second central wavelength 10 imager 20 can include one or more pixilated arrays of 
or a second range of wavelengths , and so on . elementary light detectors , e.g. , one or more CCD arrays or 

Optical parameters other than OPD and wavelength are one or more CMOS arrays . 
also contemplated . When imager 20 is a color imager , it can be in the form 

The number of output beams provided by system 12 , and , of a single pixilated two - dimensional array of elementary 
consequently , the number of different values of the optical 15 light detectors covered by a color filter array . In these 
parameter into which the input beam is resolved , is prefer- embodiments , the image signal provided by imager 20 is 
ably at least 5 or at least 6 or at least 7 or at least 8 or at least arranged in a plurality of picture - elements respectively 
9 or at least 10 or at least 11 or at least 12 or at least 13 or corresponding to the elementary light detectors . 
at least 14 or at least 15. The selection of the value of the Preferably , the color filter array is a Bayer filter . A 
optical parameter and the timing at which output beams 18 20 representative example of a Bayer filter suitable for the 
are generated by system 12 is optionally and preferably by present embodiments is illustrated in FIG . 2A . In FIG . 2A , 
controller 26 that typically comprises an electronic circuit “ R ” represents a red color filter element , “ G ” represents a 
for carrying out the control operation . A representative green color filter element , and “ B ” represents a blue color 
example for an operation principle of system 12 suitable for filter color filter element . As shown , the green information is 
the present embodiments is described below . 25 sampled at a higher frequency . Shown in FIG . 2A is an 

In any of the embodiments described herein , scene 16 can exemplary 2x2 sub - array 30 that includes a red element a 
be , for example , a microscope slide carrying cells and / or green element and two green elements and that corresponds 
tissue for in - vitro imaging . Other types of scenes are also to a picture - element in the image signal . It is to be under 
contemplated . When scene is sufficiently small ( e.g. , a stood that other color filter arrays ( e.g. , four - color filter , a 
microscope slide or the like ) system 10 can comprises a 30 CYYM filter array , a CYGM filter array , an RGBW filter 
locomotion mechanism 24 , such as scanning stage , for array , etc. ) are also contemplated according to some embodi 
varying the position of scene 16 relative to system 12 . ments of the present invention . 

System 10 optionally and preferably comprises an imager Imager 20 can alternatively include plurality of pixilated 
20 which receives output light beams 18 and responsively two - dimensional arrays of elementary light detectors , such 
generates , for each output light beam , an image signal . In 35 as , but not limited to , a 3 - sensor imager ( e.g. , a 3 - CCD or a 
various exemplary embodiments of the invention imager 20 3 - CMOS ) . In these embodiments , system 10 comprises an 
is a color imager . In these embodiments , the image signal is optical element that splits the output light beam to plurality 
resolved into a plurality of color channels . Thus , the present of color channel and to direct different color channels to 
embodiments provide a plurality of color channels for each different arrays . Each picture - element of the image signal in 
output beam , and therefore for each value of the optical 40 these embodiments corresponds to a group of corresponding 
parameter that is resolved out of the input beam . elementary light detectors in different arrays . 
When imager 20 is a color imager , the image signal is FIG . 2B is a schematic illustration exemplifying imager 

typically , but not necessarily , resolved into at least three 20 in embodiments in which imager 20 comprises a plurality 
color channels . When there are three or more color channels , of pixilated 2D arrays of elementary light detectors . In FIG . 
three color channels are optionally and preferably in the 45 2B , imager 20 is based on a 3 - sensor technology . In this 
visible range , for example , a red color channel , a green color representative illustration , imager 20 comprises an optical 
channel and a blue color channel . The present embodiments element 201 having three prism members 201R , 2016 , and 
also contemplate a configuration in which the imager pro- 201B , which are bonded together in close contact with one 
vides image signal resolved into four color channels . For another . Element 201 separates the incident light into three 
example , one of the four color channels can be in the 50 color components ( R , G and B , in the present example ) . 
infrared range ( preferably the near infrared range ) and each Bonded interfaces 204 and 205 on prism members 201R , 
of the remaining three color channels can be in the visible 2016 and 201B serve as dichroic mirrors . Three pixilated 
range . 2D arrays of elementary light detectors 202R , 202G and 
A “ visible range ” , as used herein , refers to a range of 202B are individually mounted at the light - outgoing sur 

wavelengths from about 400 nm to about 700 nm . 55 faces of the three prism members 201R , 2016 and 201B . 
An “ infrared range ” , as used herein , refers to a range of Light beam 18 incident on element 201 is separated by the 

wavelengths from about 700 nm to about 1 mm . dichroic mirrors 204 , 205 into three color components , 
A “ near infrared range ” , as used herein , refers to a range shown as light beams 206a , 206b and 206c which are 

of wavelengths from about 700 nm to about 1400 nm . respectively received by their corresponding pixilated 2D 
A representative example of a set of color channels 60 arrays . Image sensor boards 203R , 2036 and 203B pickup 

suitable for the present embodiments is a red channel , signals generated by arrays and optionally perform basic 
corresponding to red light ( e.g. , light having a spectrum signal processing operations , e.g , image flip , and the like . 
having an apex at a wavelength of about 580-680 nm ) , a System 10 also comprises an image processor 22 that 
green channel , corresponding to green light ( spectrum hav- receives the image signals from imager 20 ( one signal for 
ing an apex at a wavelength of from about 500 to about 580 65 each output beam in the temporal sequence ) and processes 
nm ) , and a blue channel , corresponding to blue light ( spec- the image signals to construct a static spectral image of 
trum having an apex at a wavelength of from about 420 to scene 16. Image processor optionally and preferably com 
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prises a hardware circuit , preferably a dedicated hardware relative position and / or orientation between the scene and 
circuit , that is constructed to perform the calculations and one or more components of interferometer system 12 , as 
image processing operations described herein . further detailed hereinbelow . 
The spectral image typically includes spectral data and The illustration in FIG . 3A is of a type of interferometer 

spatial data . The spatial data is preferably two - dimensional , 5 known as the Sagnac type . In this interferometer , the OPD 
for example , in the form of a two - dimensional array of varies with the angle of incidence of the incoming radiation . 
picture - elements ( e.g. , pixels ) . The spectral data preferably Typically , the OPD increases with the angle of incidence , 
includes a spectrum ( for example , a wavelength spectrum ) and the relation between the OPD and the angle of incidence 
for each picture - element of the spatial data . Thus , a spectral can be approximated as a linear relation . While the embodi 
image is typically a three - dimensional ( 3D ) dataset includ- 10 ments below are described with a particular emphasis to Sagnac interferometer , it is to be understood that embodi ing two spatial dimensions and one spectral dimension . Such ments of the present invention can be applied also to many dataset is represented mathematically as I ( x , ya ) , where x other types of interferometers , such as , but not limited to , a and y are pointers to the picture - elements ( e.g. , positions Michelson interferometer , a Mach - Zehnder interferometer , over a rectangular grid ) , À the wavelength , and I is the 15 and a Polarimetric interferometer . 
intensity associated with each picture - element and wave Interferometer system 12 optionally and preferably com length . prises a lens system 136 through which input light beam 14 

Before providing a further detailed description of the passes . Lens system 136 preferably collimates beam 14 . 
spectral imaging technique of the present embodiments , Optionally , lens system 136 also serves as a magnifying 
attention will be given to the advantages and potential 20 objective lens system . The objective lens system can be of 
applications offered thereby . any type , including , without limitation , dry , oil - immersion , 

The advantage of using a color imager in system 10 is that water - immersion , water - dipped and the like . The objective 
the color information can be gathered substantially without lens system can provide any magnification from x1 to x100 . 
degradation of spatial resolution . It was found by the present Input light beam 14 can be reflected from the scene , scat 
Inventor that in spectral imaging it is more difficult than in 25 tered off objects in the scene , transmitted through the scene 
direct imaging technique to maintain uniformity along the or emitted by objects in the scene . 
spatial dimensions . It was found by the present Inventor that Interferometer system 12 typically also includes a beam 
traditionally acquired spectral images may suffer from vari- splitter 104 configured to split input light 14 beam into 
ous imperfections , including degraded point spread function secondary light beams . Shown in FIG . 3A are light rays 108 
( PSF ) , and non - uniformity of intensity and / or focus along 30 and 110 that are constituted by the secondary light beams . 
the spatial dimensions . The present Inventor also realized For example , each of light rays 108 and 110 can be a central 
that the process of acquiring the data for reconstructing a light ray of the respective secondary light beam . For clarity 
spectral image is time consuming , and that known tech- of presentation , the secondary light beams themselves are 
niques to improve speed impose compromises on the spatial not shown , but the skilled person would know how to adjust 
and / or spectral resolution of the spectral image . 35 the drawing to show the light beam that constitutes each of 

Another advantage of using a color imager in system 10 rays 108 and 110 ( for example , by drawing light rays that are 
is that it allows generating a color image from the scene parallel to rays 108 and 110 ) . 
while preserving the capability to construct a spectral image At least a portion of each of the secondary beams , 
with enhanced spatial and spectral resolution . particularly the portions that include rays 108 and 110 , is 

Another advantage of using a color imager in system 10 40 redirected by a reflector . Thus , in various exemplary 
is that it allows relatively fast scanning of large regions in embodiments of the invention system 12 comprises two or 
the scene , for example , whole slide imaging in analysis of more reflectors . In the illustration of FIG . 3A , system 12 
microscope slides carrying cells and / or tissue for in - vitro comprises a pair of reflectors 132 and 134. In this illustra 
imaging . tion , which is not to be considered as limiting , ray 108 is 

Another advantage of using a color imager in system 10 45 reflected off reflector 132 and ray 110 is reflected off 
is that it allows performing color analysis and constructing reflector 134. Following the reflections , ray 108 continues to 
a spectral image on a region - of - interest selected based on reflector 134 , and ray 108 continues to reflector 132. From 
this analysis . For example , color analysis can be performed the reflectors 132 and 134 the light rays 108 and 110 are 
for the purpose of identifying tumor regions on a microscope reflected back to pass the beam splitter 104 again . At this 
slides , and a spectral image of these identified tumor regions 50 stage , they have experienced OPD . A superposition of the 
be successively constructed for advanced quantitative analy- secondary beams , after they have experienced OPD , is 
sis . shown at 124 which can represent , for example , a central 
An additional advantage of the system of the present light ray of output beam 18. A portion of the superposition 

embodiments is that the system can provide a spectral image beam may be reflected or transmitted back to the scene . 
with reduced or without the effect of visual stripes corre- 55 Optionally and preferably system 12 includes a focusing 
sponding to the interference of the two beams . element 122 that focuses output beam 18 onto imager 20 . 

Reference is now made to FIGS . 3A - C which are sche- Interferometer system 12 can further comprise a movable 
matic illustrations exemplifying several types of optical block 126 ( e.g. , a plate or a disc ) configured for establishing 
systems suitable to serve as sequential optical system 12 , a motion relative to the scene 16. The relative motion can be 
according to some embodiments of the present invention . 60 continuous or in steps , as desired . The relative motion can be 

FIG . 3A schematically illustrates sequential optical sys- a relative rotary motion , e.g. , rotation of beam splitter 104 
tem 12 in an embodiment of the invention in which system together with reflectors 132 and 134 , and / or a relative 
12 is an interferometer system . In these embodiments , translational motion , e.g. , a translational motion of system 
system 12 each output light beam 18 constitutes two inter- 12 relative to scene 16. A translational motion of scene 16 
fering light beams characterized by optical path difference 65 relative to system 12 is also contemplated , for example , by 
( OPD ) therebetween . Controller 26 ( not shown , see FIGS . means of mechanism 24. Further contemplated are embodi 
1A - B ) varies the OPD . This can be achieved by varying the ments in which a combination of rotary motion and trans 
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lational motion is employed . The relative motion between obtainable by the sample - scan process is at least 22 / ( Comar ) . 
the scene and the components of the interferometer system In the OPD - scan process , that maximal obtainable angle is 
is preferably controlled by the controller ( not shown in FIG . larger than that achieved by the image - scan process , and 
3A , see FIGS . 1A - B ) . depends more on the optical geometry of the interferometer 

The information that is required for calculating the spec- 5 itself . The actual value of Omax depends on the maximal 
trum is contained in the function I ( OPD ) that expresses the angle that the interferometer rotate before a vignetting is 
intensity as a function of the OPD . The spectrum can be reached . 

obtained from I ( OPD ) , for example , by Fourier transform , FIGS . 3B and 3C are schematic illustrations of system 12 
for example , according to the following equation : in embodiments in which sequential optical system 12 

10 comprises a tunable filter . FIG . 3B illustrates an embodiment 
in which light source 28 generates input light beam 14 
characterized by a wide spectral range . Beam 14 enters a 

I ( 0 ) = KOPD ; Jexp ( – j2100PD ; ) tunable optical filter 140 ( for example , acousto - optic tunable 
filter , liquid crystal tunable filter , etc. ) . Controller 26 com 

15 mands filter 140 to tune to the first central wavelength . Filter 
Where o = 1 / 2 is the wavenumber , j is the imaginary unit 140 filters out a portion of the spectrum of beam 14 so that 

the spectrum of the output beam 18 exiting filter 140 is number , i is the index of the OPD and N is the total number narrower than the spectrum of beam 14. Controller 26 then of OPDs for which the intensity is measured . Optionally , one commands filter 140 to tune to the next wavelength and so or more pre- and / or post - processing operations can be 20 that another output beam is generated . The output beams 18 
employed . Representative examples including , without limi arrive at scene 16 and are transmitted or reflected by scene tation , phase correction , apodization and zero filling . Further 16 towards imager 20 for example , using a lens system ( not 
details can be found in R. J. Bell , “ Introductory Fourier shown ) . FIG . 3C illustrates an embodiment in which light 
transform spectroscopy ” , 1972 , London : Academic Press . source 28 generates source light beam 15 characterized by a 
An example of a measured interferogram and its derived 25 wide spectral range . Beam 15 passes through the scene 16 to 
spectrum , as extracted by Fourier transformation , is shown form input light beam 14 that describes the scene . Beam 14 
in FIGS . 4A - B . enters tunable optical filter 140. Controller 26 commands 

The intensities as a function of the OPD can be obtained filter 140 to tune to the first central wavelength . Filter 140 
by scanning . filters out a portion of the spectrum of beam 14 so that the 

In some embodiments an OPD - scan process is employed . 30 spectrum of the output beam 18 exiting filter 140 is narrower 
In these embodiments , the reflectors 132 and 134 and beam than the spectrum of beams 15 and 14. Controller 26 then 
splitter 124 are rotated , while all the other optical elements commands filter 140 to tune to the next wavelength and so 
remain static . The measurement is preferably executed such that another output beam is generated . The output beams 18 
that for each small rotation , a single image is captured , until continue from filter 140 to imager 20 , for example , using a 
a sufficient number of images are captured . The rotation 35 lens system ( not shown ) . 
results in a change in the angle for each beam and the pattern Following is a description of preferred imaging and 
travels along the horizontal axis . On the other hand , the processing procedures according to some embodiments of 
image itself does not move , so that all the intensities that are the present invention . The procedures are suitable for any 
measured can be collected for each pixel , and the interfero- type of optical system 12 . 
gram can be built . The interferograms extracted at each pixel 40 In order to calculate a spectrum , a sufficient number of 
are optionally and preferably Fourier transformed and the intensities I each measured at a different value of the optical 
collection of spectra of all pixels constructs the spectral parameter range ( e.g. , a different OPD of the interferometer , 
image . À subset of images within the sequence of the or a different characteristic central wavelength of the tunable 
OPD - scan method is shown in FIG . 5 . filter ) is preferably collected . 

In some embodiments of the present invention sample- 45 In embodiments in which imager 20 is a color imager , the 
scan process is employed . In these embodiments , the inter image processor preferably converts the image data consti 
ferogram is kept fixed , and the sample is scanned , optionally tuted by the image signals to greyscale levels that represent 
and preferably in a direction orthogonal to the orientation of the intensities I. This can be done in more than one way . 
the interference lines ( fringes ) . In such a process , the image When imager 20 comprises a filter array , the conversion can 
can be shifted , but the interference pattern is fixed . In this 50 comprise binning of neighboring picture - elements in a non 
process , the interferogram for each pixel can be constructed overlapping manner . The binning " non - overlapping ” in the 
based on the pixel - shift from one image to another , wherein sense that the intensity provided by each elementary light 
the intensities of the detector's pixels are collected . Thus , for detector of the array is not used for determining the grey 
each of a plurality of points of the sample , the intensities at scale level of more than one picture - element . A representa 
different OPDs are collected . This can be followed by ss tive example of non - overlapping binning is a process in 
Fourier transformation and construction of the spectral which sub - array is integrated or summed and the result of 
image . A subset of images within the sequence of the this integration can be assigned as the greyscale level of the 
sample - scan method is shown in FIG . 6 . corresponding picture - element . This provides a spatial reso 

It is recognized by the present inventors that although lution that is reduced with respect the spatial resolution 
these two processes provide for each point of the sample an 60 attainable by the elementary light detector of the array . For 
interferogram to be transformed to its spectrum , these two example , when the sub - array is a 2x2 sub - array ( e.g. , array 
processes differ from each other . The OPD changes with the 30 , see FIG . 2A ) , the binning operation reduces the spatial 
angle o of incidence of the input light beam on the beam resolution so that the number of resultant greyscale elements 
splitter . This change is to a good approximation linear and of the detector array is divided by a factor of 4 . 
can be written as OPD = CO , where C is a constant . The 65 An alternative technique for converting the image data to 
horizontal end - pixels , for which the angle is maximal thus greyscale levels includes , for each light detector of the array , 
experience the largest OPD , and the spectral resolution A integrating data received from light detector neighboring 
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that detector and assigning to a picture - element correspond- between the intensity corresponding to that color channel 
ing to that detector a greyscale level based on the integra- and the integrated intensity corresponding to the color 
tion . A representative example of such an embodiment is a channels at a region containing the picture - element is pre 
process in which a sub - array is integrated or summed and the served . For example , a uniform image area can be used and 
result of this integration is assigned as the greyscale level of 5 the values of each color channel ( e.g. , red , green and blue 
a picture - element that corresponds to one light detector ( e.g. , color channels ) can be stored . Then , the total intensity as 
the upper - left light detector ) of that sub - array . This main- well as the ratio between the intensities of the individual 
tains the spatial resolution of the light detector array . color channels is maintained within the spectrum of each 
When imager 20 comprises a plurality of pixilated 2D picture - element . 

arrays of elementary light detectors ( e.g. , as illustrated in Consider the following example , which is not intended to 
FIG . 2B ) , the conversion of image data to greyscale levels be limiting , suitable for the case in which the filter array is 
can be achieved , by integrating , for each picture - element , a Bayer R - G - G - B filter . 
over color channels obtained from respective elementary Let IG be the intensity value measured by the elementary 
light detectors of the 2D arrays and being associated with light detector that is at location ( x , y ) , and that is behind a 
that picture - element , and assigning to the picture - element a green element of the Bayer array . The expression Isla 
greyscale level based on the integration . For example , when Sada is the integrated intensity of the spectrum over the the imager comprises a first array , a second array and a third 2x2 sub - array containing the location ( x , y ) , and therefore array ( e.g. , for red , green and blue color channels ) , the represents the non - corrected intensity of the spectrum at greyscale level of the picture - element at position ( x , y ) can set to be R ( x , y ) + G ( x , y ) + B ( x , y ) , where R ( x , y ) , G ( x , y ) and 20 location ( x , y ) . The expression 19 ( 2 ) scada , where SG ) is the characteristic spectral sensitivity of the elemen B ( x , y ) are , respectively , the intensities measured by the 
elementary light detectors at position ( x , y ) of the first , the tary light detectors behind the green elements of the array 
second and the third arrays . sensor , is the partial intensity that corresponds to the green 

channel . Let IRGB be a greyscale level intensity as provided In of the embodiments in which imager 20 is a color any 
imager , the image processor optionally corrects the intensity 25 by a binning or summing procedure applied to the 2x2 
level of each of at least some of the picture - elements of the region containing the location ( x , y ) . Typically , IRGB is a 
spectral image using local intensity associated with a respec combination ( linear or non - linear ) of the intensities picked 
tive color channel in the image data constituted by the image by the individual detector elements at the respective 2x2 
signals . The correction is optionally and preferably features region . For example , when a linear combination is employed 
a local correction factor that represents the ratio between the for a Bayer R - G - G - B filter array , IRGB can be defined as 
local intensity and the integrated intensity at each picture- IRGBQ , R + Q2G , + a , Gz + a_B , where ai , i = 1 , . . . , 4 are 
element to which the correction is applied . The corrected weight coefficients , and R , G1 , G2 and B are the intensities 
spectral image Cs ( x , y , ) can be written mathematically as : of the red , green and blue detector elements in the 2x2 

region . In some embodiments all values of the coefficients Q ; 
are the same ( in which case IRGB is a non - weighted sum of 

Cs ( x , y , 2 ) intensities ) , and in other embodiments at least two of the 
coefficients a ; are different from each other ( in which case 
IRGB is a weighted sum of intensities ) . 

where R $ ( x , y , h ) is the measured spectrum at the picture- 40 In various exemplary embodiments of the invention ratio 
element located at ( x , y ) , Is ( x , y ) is defined as Is ( x , y ) = La between the intensity of a picture - element ( e.g. , a pixel ) and 
R $ ( x , y , 2 ) dh , and Ix is the intensity of the picture - element the integrated intensity of a sub - array of the filter array ( e.g. , 
located at ( x , y ) . Preferably , but not necessarily , Ixy is a 2x2 sub - array ) approximately equals the ratio between the 
obtained by direct imaging technique , as described herein corresponding intensities in the spectral image . For example , 
under with reference to FIG . 8. Alternatively , Ix , is obtained 45 the ratio of the intensity of the green ( x , y ) pixel to the 
by indirect imaging technique as described hereinunder with intensity within the 2x2 sub - array , approximately equals the 
reference to FIG . 7. It was found by the present inventors ratio between the integrated green intensity within the 
that the corrected spectral image Cs ( x , y , r ) has high spatial spectrum at location ( x , y ) and the total intensity of the 
quality in terms of spatial sharpness and correct intensity spectrum at this point . This can be written mathematically 
representation without degrading the local spectral signature 50 
representation of image elements . 

In any of the embodiments in which imager 20 is a color 
imager , it is preferred to maintain the local intensity ratio 19 
between picture - elements of different color channels . The I RGB Is 
advantage of these embodiments is that they provide image 55 
smoothness . For example , when there are , say , a red color Using this desired relation the local intensity correction channel , a green color channel and a blue color channel , it factor C / ( x , y ) applied to the picture - element at location ( x , y ) is preferred to maintain , locally , for at least some regions can be written as : 
within the image , the ratio between the intensities of the red , 
green and blue sub - spectra that are stored in the red , green 60 
and blue picture - elements that compose that region . This is 
preferably achieved by applying an intensity correction 
factor as will now be explained . C / ( x , y ) 
When imager 20 includes a filter array ( e.g. , as described 

above with respect to FIG . 2A ) , the image processor applies , 65 
for each picture - element that correspond to a color channel , A similar procedure can be applied to image signal 
an intensity correction factor selected to ensure that a ratio provided by an imager having other types of filter arrays . 

35 
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In any of the embodiments described herein the image encompassed by the respective ROIs , and tiles the extracted 
processor 22 can apply image uniformity correction to portions . Preferably , the tiling process comprises removing 
spatial information in the spectral image , for reducing or periodic parts of in the extracted portions . This can be done , 
eliminate non - uniformity in the two spatial dimensions of for example , by applying a 2D - Fourier - Transform tech 
the spectral image . This improves the intensity normaliza- 5 nique , as disclosed in , e.g. , Digital Image Processing , Rafael 
tion of the image . Image uniformity correction can be C. Gonzalez , Richard E. Woods , 1993 , pp , 201-213 . 
applied either before the construction of the spectral image , Another way to obtain a 2D color image of the scene , is 
for example , directly on the image signal provided by the by a technique referred to herein as “ direct imaging ” . In 
imager , or after the construction of the spectral image , by direct imaging , a color 2D image is captured from light 
applying the correction to the two spatial dimensions namely 10 beam that does not pass through system 12. A color 2D 
of I ( x , y , a ) . Image uniformity correction can also be applied image captured in this way is referred to as " direct image ” . 
to an image signal provided by imager 20 in response to A representative illustration of a configuration that allows 

capturing a direct image is illustrated in FIG . 8. The sche direct imaging wherein light beams incident on imager 20 matic illustration is for the case in which in embodiments in without passing through system 12. In these embodiments , 15 which system 12 comprises an interferometer system , but 
the result of the image uniformity correction applied to the the ordinarily skilled person would know how to adjust the signal obtained by direct imaging can be used as a reference description for other types of sequential optical systems . 
to the image uniformity correction applied to image signals Shown in FIG . 8 is a configuration in which system 12 ( an 
generated in response to light passing through system 12 . interferometer system , in the present example ) as well as an 
An image uniformity correction factor C can be calculated 20 additional optics 720 are mounted on the same movable 

according to some embodiments of the present invention block 126. Optics 720 is typically a redirecting optics 
using the following relation : constituted for redirecting input light beam 14 directly onto 

imager 20 , preferably via focusing element 122 so that beam 
14 is focused on imager 20. The switching between indirect 

25 imaging ( via system 12 ) and direct imaging ( not via system R 12 ) can be achieved by rotating block 126. In the present 
example , optics 720 and system 12 are antipodal so that the 

where R is a reference image signal , S is the uncorrected switching is achieved by a 180 ° rotation of block 126 , but 
image signal ( e.g. , the raw signal provided by imager 20 and other switching scenarios are also contemplated . The 
m is the average intensity value overall picture - elements of 30 switching ( e.g. , rotation of block 126 ) is preferably con 
the reference image signal R. The reference image signal R trolled by controller 26. Image processor 22 receives the 
can be obtained , for example , by imaging a reference scene image signal generated by imager 20 responsively to the 
for which the uniformity level is known . Typically , but not direct focus , and provides a color image of scene 16 based 
necessarily , R is obtained by imaging a white scene . on the image signal . 

The system of the present embodiments can also be used 35 As used herein the term " about ” refers to + 10 % . 
for obtaining a 2D color image of the scene , wherein the 2D The word “ exemplary ” is used herein to mean “ serving as 
image includes color information generated by the color an example , instance or illustration ” . Any embodiment 
imager 20 , but not by the sequential optical system . Spe- described as “ exemplary ” is not necessarily to be construed 
cifically , the number of color channels of the color image in as preferred or advantageous over other embodiments and / or 
these embodiments is equal to or less than the number of 40 to exclude the incorporation of features from other embodi 
color channels providable by imager 20 . ments . 

In some embodiments of the present invention the 2D The word “ optionally ” is used herein to mean “ is provided 
image is captured from a single output light beam exiting in some embodiments and not provided in other embodi 
system 12. A color 2D image captured in this way is referred ments ” . Any particular embodiment of the invention may 
to as an “ indirect color image , ” because it is captured after 45 include a plurality of “ optional ” features unless such fea 
the light beam from the light source or scene has passed tures conflict . 
through system 12. When system 12 comprises an interfer- The terms “ comprises ” , “ comprising ” , “ includes ” , 
ometer system , the output light beam provided by system 12 “ including ” , “ having ” and their conjugates mean “ including 
constitutes an interference pattern also referred to as a fringe but not limited to ” . 
pattern . Preferably , image processor 22 reduces the ampli- 50 The term “ consisting of ” means “ including and limited 
tudes of fringe pattern . This can be achieved by operating 
locomotion mechanism 24 ( e.g. , by controller 26 ) to shift a The term “ consisting essentially of means that the com 
relative position between scene 16 and system 12 , wherein position , method or structure may include additional ingre 
image processor is 12 extracts , for each relative position , a dients , steps and / or parts , but only if the additional ingre 
portion of the image in which the fringe pattern amplitudes 55 dients , steps and / or parts do not materially alter the basic and 
are reduced relative to other portions of the image . novel characteristics of the claimed composition , method or 

The process is illustrated in FIG . 7 , which exemplify five structure . 
images 702a - 702e captured by imager 20 , wherein each As used herein , the singular form “ a ” , “ an ” and “ the ” 
image correspond to a different position of scene 16 relative include plural references unless the context clearly dictates 
to system 12. Respectively marked on images 702a - 702e are 60 otherwise . For example , the term “ a compound ” or “ at least 
regions of interest ( ROIs ) 704a - 704e . The ROIs are prefer- one compound ” may include a plurality of compounds , 
ably off - center relative to images 702a - 702e , since in the including mixtures thereof . 
off - center parts of the images the amplitudes of the fringe Throughout this application , various embodiments of this 
pattern are reduced , relative to the center . Preferably , but not invention may be presented in a range format . It should be 
necessarily , the position , shape and size , relative to images 65 understood that the description in range format is merely for 
702a - 702e , of each of ROIs 704a - 704e is the same . The convenience and brevity and should not be construed as an 
processor 22 extracts the portions of the images that are inflexible limitation on the scope of the invention . Accord 

to " . 
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ingly , the description of a range should be considered to embrace all such alternatives , modifications and variations 
have specifically disclosed all the possible subranges as well that fall within the spirit and broad scope of the appended 
as individual numerical values within that range . For claims . 
example , description of a range such as from 1 to 6 should All publications , patents and patent applications men 
be considered to have specifically disclosed subranges such 5 tioned in this specification are herein incorporated in their 
as from 1 to 3 , from 1 to 4 , from 1 to 5 , from 2 to 4 , from entirety by reference into the specification , to the same 
2 to 6 , from 3 to 6 etc. , as well as individual numbers within extent as if each individual publication , patent or patent 
that range , for example , 1 , 2 , 3 , 4 , 5 , and 6. This applies application was specifically and individually indicated to be 
regardless of the breadth of the range . incorporated herein by reference . In addition , citation or 
Whenever a numerical range is indicated herein , it is 10 identification of any reference in this application shall not be 

meant to include any cited numeral ( fractional or integral ) construed as an admission that such reference is available as 
within the indicated range . The phrases “ ranging / ranges prior art to the present invention . To the extent that section 
between " a first indicate number and a second indicate headings are used , they should not be construed as neces 
number and “ ranging / ranges from ” a first indicate number sarily limiting . 
“ to ” a second indicate number are used herein interchange- 15 
ably and are meant to include the first and second indicated What is claimed is : 
numbers and all the fractional and integral numerals ther- 1. A spectral imaging system , comprising : 
ebetween . a sequential optical system providing a temporal sequence 

It is appreciated that certain features of the invention , of output light beams describing a scene ; 
which are , for clarity , described in the context of separate 20 a color imager receiving said output light beams and 
embodiments , may also be provided in combination in a being configured to responsively generate , for each 
single embodiment . Conversely , various features of the output light beam , an image signal that is spatially 
invention , which are , for brevity , described in the context of resolved into a plurality of color channels ; and 
a single embodiment , may also be provided separately or in an image processor configured for collectively processing 
any suitable subcombination or as suitable in any other 25 said image signals to convert image data constituted by 
described embodiment of the invention . Certain features said image signals to greyscale levels so as to construct 
described in the context of various embodiments are not to a static spectral image of said scene , having a plurality 
be considered essential features of those embodiments , of picture - element and a spectrum for each picture 
unless the embodiment is inoperative without those ele element ; 
ments . wherein said conversion of said image data to greyscale 

Various embodiments and aspects of the present invention levels comprises binning neighboring picture - elements 
as delineated hereinabove and as claimed in the claims corresponding to different color channels in a non 
section below find experimental support in the following overlapping manner . 
examples . 2. The system according to claim 1 , wherein said sequen 

35 tial optical system comprises an interferometer system , 
Examples wherein each output light beam constitutes two interfering 

light beams characterized by a different optical path differ 
Reference is now made to the following examples , which ence ( OPD ) therebetween . 

together with the above descriptions illustrate some embodi- 3. The system according to claim 1 , wherein said sequen 
ments of the invention in a non limiting fashion . 40 tial optical system comprises a tunable optical filter , wherein 
A prototype spectral imaging system having an interfer- each output light beam is characterized by a different central 

ometer system as a sequential optical system , an RGB color wavelength of said tunable optical filter . 
imager , and a stage for switching between direct and indirect 4. The system according to claim 1 , wherein said image 
imaging has been constructed . Images captured by the processor is configured to apply for each picture - element 
prototype system are shown in FIGS . 9A - 12B . 45 that correspond to a color channel , an intensity correction 

Specifically , FIGS . 9A - F show images captured by a color factor selected to ensure that a ratio between an intensity 
imager having a Bayer filter array within a sequence of an corresponding to said color channel and an integrated inten 
OPD - scan , where FIGS . 9A - 9C are the color images as sity corresponding to a plurality of color channels in a region 
captured by the color imager , and FIGS . 9D - 9F are the of the image containing said picture - element is preserved . 
corresponding images after the image data has been con- 50 5. The system according to claim 1 , wherein said color 
verted to greyscale levels ; FIGS . 10A - F show images cap- imager comprises a single two - dimensional array of elemen 
tured by a color imager having a Bayer filter array within a tary light detectors covered by a color filter array . 
sequence of a sample - scan , where FIGS . 10A - 10C are the 6. The system according to claim 5 , wherein said color 
color images as captured by the color imager , and FIGS . filter is a Bayer filter . 
10D - 10F are the corresponding images after the image data 55 7. The system according to claim 1 , wherein said color 
has been converted to greyscale levels ; FIG . 11A is color imager comprises a plurality of two - dimensional arrays of 
image of the sample , obtained by direct imaging , FIG . 11B elementary light detectors , wherein the system comprises an 
is a magnified region - of - interest over the color image of optical element constructed for splitting said output light 
FIG . 9A , FIG . 11C is a greyscale image obtained by con- beam to said plurality of color channels and to direct 
verting the three color channels of FIG . 11B into greyscale 60 different color channels to different arrays . 
levels by a binning procedure , FIG . 12A shows a greyscale 8. The system according to claim 1 , wherein said color 
image obtained by indirect imaging , and FIG . 12B shows the imager comprises a single two - dimensional array of elemen 
image of FIG . 12A after removal of fringe pattern amplitude . tary light detectors covered by a color filter array . 

Although the invention has been described in conjunction 9. The system according to claim 1 , wherein said color 
with specific embodiments thereof , it is evident that many 65 imager comprises a plurality of two - dimensional arrays of 
alternatives , modifications and variations will be apparent to elementary light detectors , wherein the system comprises an 
those skilled in the art . Accordingly , it is intended to optical element constructed for splitting said output light 
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beam to said plurality of color channels and to direct 24. The method according to claim 21 , further compris 
different color channels to different arrays . ing , for each picture - element that correspond to a color 

10. The system according to claim 1 , wherein said tem- channel , applying an intensity correction factor selected to 
poral sequence of output light beams comprises a sequence ensure that a ratio between an intensity corresponding to 
of at least five different output light beams . 5 said color channel and an integrated intensity corresponding 

11. The system according to claim 1 , wherein said plu- to a plurality of color channels in a region containing said 
rality of color channels is three color channels . picture - element is preserved . 

12. The system according to claim 11 , wherein each of 25. The method according to claim 21 , wherein said 
said three color channels is in the visible range . generating said image data is by a color imager having a 

13. The system according to claim 1 , wherein said plu- 10 single two - dimensional array of elementary light detectors 
rality of color channels is four color channels . covered by a color filter array . 

14. The system according to claim 13 , wherein one of said 26. The method according to claim 21 , wherein said 
four color channels is in the infrared range and each of a generating said image data is by a color imager having a 
remaining three color channels is in the visible range . plurality of two - dimensional arrays of elementary light 

15. The system according to claim 1 , wherein said image 15 detectors , wherein the system comprises an optical element 
processor is configured to apply image uniformity correction constructed for splitting said output light beam to said 
to spatial information in said spectral image . plurality of color channels and to direct different color 

16. The system according to claim 1 , wherein said image channels to different arrays . 
processor is configured to correct an intensity level of each 27. The method according to claim 21 , further comprising 
of at least some picture - elements of said spectral image 20 applying image uniformity correction to spatial information 
using local intensity associated with a respective color in said spectral image . 
channel in said image data . 28. The method according to claim 21 , further comprising 

17. The system according to claim 1 , further comprising correcting an intensity level of each of at least some picture 
optics configured for focusing said output light beam elements of said spectral image using local intensity asso 
directly onto said imager , wherein said image processor is 25 ciated with a respective color channel in said image data . 
configured to provide a color image of said scene based on 29. A method of constructing a color image of a scene , 
image data generated by said imager responsively to said comprising : 
direct focus . receiving by an interferometer system an input light beam 

18. The system according to claim 1 , wherein image data from the scene and converting said input light beam 
constituted by an image signal of a single output light beam 30 into an output light beam constituting two interfering 
of said temporal sequence comprises an interference pattern light beams characterized by a fixed optical path dif 
characterized by amplitudes , and wherein said image pro ference ( OPD ) therebetween ; 
cessor is configured to reduce said amplitudes to provide a generating from said output beam an image signal that is 
color image from said single output light beam . spatially resolved into a plurality of color channels ; 

19. The system according to claim 18 , further comprising 35 shifting a relative position between said scene and said 
a scanning stage , for shifting a relative position between said interferometer system ; 
scene and the system , wherein said image processor is extracting , for each relative position , a portion of said 
configured to extract , for each relative position , a portion of image signal in which fringe pattern amplitudes are 
said image data in which fringe pattern amplitudes are reduced relative to other portions of said image signal ; 
reduced relative to other portions of said image data , and to 40 and 
tile said extracted portions . tiling said extracted portions to provide a pixelated color 

20. The system of claim 19 , wherein said tiling comprises image corresponding to said image signal with reduced 
removing periodic parts of in said extracted portions . fringe pattern amplitudes . 

21. A method of constructing a spectral image of a scene , 30. The method of claim 29 , wherein said tiling comprises 
comprising : 45 removing periodic parts of in said extracted portions . 

receiving an input light beam from the scene ; 31. A spectral imaging system , comprising : 
converting said input light beam into a temporal sequence a sequential optical system providing a temporal sequence 

of output light beams ; of output light beams describing a scene ; 
for each output light beam of said sequence , generating an a color imager receiving said output light beams and 

image signal that is spatially resolved into a plurality of 50 being configured to responsively generate , for each 
color channels ; and output light beam , an image signal that is spatially 

collectively processing said image signals to convert resolved into a plurality of color channels ; and 
image data constituted by said image signals to grey- an image processor configured for collectively processing 
scale levels so as to construct a spectral image of said said image signals to convert image data constituted by 
scene ; said image signals to greyscale levels so as to construct 

wherein said conversion of said image data to greyscale a static spectral image of said scene , having a plurality 
levels comprises binning neighboring picture - elements of picture - element and a spectrum for each picture 
corresponding to different color channels in a non element ; 
overlapping manner . wherein said conversion of said image data to greyscale 

22. The method according to claim 21 , wherein said 60 levels comprises binning neighboring picture - elements 
conversion of said input light beam into a temporal sequence of different color channels and / or integrating intensities 
of output light beams is by a controllable interferometer over a region of several picture - elements of different 
system . color channels ; 

23. The method according to claim 21 , wherein said wherein said image processor is configured to apply for 
conversion of said input light beam into a temporal sequence 65 each picture - element that correspond to a color chan 
of output light beams sequential optical is by a tunable nel , an intensity correction factor selected to ensure that 
optical filter a ratio between an intensity corresponding to said color 
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channel and an integrated intensity corresponding to a intensities over color channels , obtained from respec 
plurality of color channels in a region of the image tive elementary light detectors of said plurality of 
containing said picture - element is preserved . two - dimensional arrays and being associated with said 

32. A method of constructing a spectral image of a scene , picture - element , and assigning to said picture - element 
comprising : a greyscale level based on said integration . 

receiving an input light beam from the scene ; 35. A method of constructing a spectral image of a scene , 
converting said input light beam into a temporal sequence comprising : receiving an input light beam from the scene ; 

of output light beams ; converting said input light beam into a temporal sequence of 
for each output light beam of said sequence , generating an output light beams ; by a color imager having a single 

image signal that is spatially resolved into a plurality of 10 two - dimensional array of elementary light detectors covered 
color channels ; by a color filter array , generating , for each output light beam 

collectively processing said image signals to convert of said sequence , an image signal that is spatially resolved 
image data constituted by said image signals to grey- into a plurality of color channels ; and collectively process 
scale levels so as to construct a spectral image of said ing said image signals to convert image data constituted by 

15 said image signals to greyscale levels so as to construct a 
applying for each picture - element that correspond to a spectral image of said scene ; wherein said conversion of said 

color channel , an intensity correction factor selected to image data to greyscale levels comprises binning neighbor 
ensure that a ratio between an intensity corresponding ing picture - elements corresponding to different color chan 
to said color channel and an integrated intensity cor- nels in a non - overlapping manner . 
responding to a plurality of color channels in a region 20 36. A spectral imaging system , comprising : 
of the image containing said picture - element is pre- a sequential optical system providing a temporal sequence 
served ; of output light beams describing a scene ; 

wherein said conversion of said image data to greyscale a color imager receiving said output light beams and 
levels comprises binning neighboring picture - elements being configured to responsively generate , for each 
of different color channels and / or integrating intensities 25 output light beam , an image signal that is spatially 
over a region of several picture - elements of different resolved into a plurality of color channels ; 
color channels . a scanning stage , for shifting a relative position between 

33. A spectral imaging system , comprising : said scene and the system ; and 
a sequential optical system providing a temporal sequence an image processor configured for collectively processing 

of output light beams describing a scene ; said image signals to convert image data constituted by 
a color imager receiving said output light beams and said image signals to greyscale levels so as to construct 

being configured to responsively generate , for each a static spectral image of said scene , having a plurality 
output light beam , an image signal that is spatially of picture - element and a spectrum for each picture 
resolved into a plurality of color channels , and element ; 

an image processor configured for collectively processing 35 wherein said conversion of said image data to greyscale 
said image signals to convert image data constituted by levels comprises binning neighboring picture - elements 
said image signals to greyscale levels so as to construct of different color channels and / or integrating intensities 
a static spectral image of said scene , having a plurality of different color channels over a region of several 
of picture - element and a spectrum for each picture picture - elements ; 
element ; wherein image data constituted by an image signal of a 

wherein said conversion of said image data to greyscale single output light beam of said temporal sequence 
levels comprises , for each picture - element of at least a comprises an interference pattern characterized by 
few picture - elements in said image data , integrating amplitudes , wherein said image processor is configured 
intensities of picture - elements of different color chan- to reduce said amplitudes to provide a color image from 
nels in a region containing said picture - element and 45 said single output light beam , by extracting , for each 
assigning to said picture - element a greyscale level relative position , a portion of said image data in which 
based on said integration . fringe pattern amplitudes are reduced relative to other 

34. A spectral imaging system , comprising : portions of said image data , and to tile said extracted 
a sequential optical system providing a temporal sequence portions . 

of output light beams describing a scene ; 37. A method of constructing a spectral image of a scene , 
an optical element constructed for splitting said output comprising : 

light beams to a plurality of color channels ; receiving an input light beam from the scene ; 
a color imager having a plurality of two - dimensional converting said input light beam into a temporal sequence 

arrays of elementary light detectors each receiving a of output light beams ; 
different color channel , said color imager being con- 55 by a color imager having a single two - dimensional array 
figured to responsively generate , for each output light of elementary light detectors covered by a color filter 
beam , an image signal that is spatially resolved into a array , generating , for each output light beam of said 
plurality of color channels ; and sequence , an image signal that is spatially resolved into 

an image processor configured for collectively processing a plurality of color channels ; and 
said image signals to convert image data constituted by 60 collectively processing said image signals to convert 
said image signals to greyscale levels so as to construct image data constituted by said image signals to grey 
a static spectral image of said scene , having a plurality scale levels so as to construct a spectral image of said 
of picture - element and a spectrum for each picture scene ; 
element ; wherein said conversion of said image data to greyscale 

wherein said conversion of said image data to greyscale 65 levels comprises , for each picture - element of at least a 
levels comprises , for each picture - element of at least a few picture - elements in said image data , integrating 
few picture - elements in said image data , integrating intensities of picture - elements of different color chan 
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nels in a region containing said picture - element and 
assigning to said picture - element a greyscale level 
based on said integration . 

38. A method of constructing a spectral image of a scene , 
comprising : 

receiving an input light beam from the scene ; 
converting said input light beam into a temporal sequence 

of output light beams ; 
using an optical element to split said output light beam to 

a plurality of color channels and to direct different color 10 
channels to different arrays of a color imager having a 
plurality of two - dimensional arrays of elementary light 
detectors ; 

for each output light beam of said sequence generating by 
said color imager an image signal that is spatially 15 
resolved into a plurality of color channels ; and 

collectively processing said image signals to convert 
image data constituted by said image signals to grey 
scale levels so as to construct a spectral image of said 
scene ; 

wherein said conversion of said image data to greyscale 
levels comprises , for each picture - element of at least a 
few picture - elements in said image data , integrating 
over color channels , obtained from respective elemen 
tary light detectors of said plurality of two - dimensional 25 
arrays and being associated with said picture - element , 
and assigning to said picture - element a greyscale level 
based on said integration . 
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